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BACKGROUND OF THE INVENTION 

The present invention relates generally to the testing of 
10 integrated circuit devices, and more specifically to the 
testing of synchronous integrated circuit devices having a 
stress test mode or other test mode. 

Stress test modes are commonly used in modern synchro 
15 nous integrated circuit devices to subject the integrated 
circuit device to various types of tests which "stress" the 
device. It is important to stress various element and signals 
of the device for maximum fault coverage. For instance, the 
external clock signal supplied to the integrated circuit device 
is an important signal to test because it controls many of the 
eates contained within the device. Thus, for maximum fault 
coverage of the device, it is important to stress the external 
clock signal both at a low logic state and a high logic state. 
Difficulties are encountered in trying to establish the logic 
25 jjt^es of the device during a stress test mode. These diffi- 
culties are encountered in a memory cell stress test mode of 
ih2 device, in which all rows and columns are enabled and 
brfiines true or bitlines complement of the memory cell are 
pillled to power supply voltage Vss. or in a periphery stress 
3Q fe& mode in which all rows and columns of the device are 
iiSablecL The difficulty lies in the fact that master/slave 
latches on the inputs of the integrated circuit device do not 
4f£ow data to flow all the way through the device since only 
Sbse master latch or one slave latch will conduct at a time. 
35 ^ djAnother prior art problem encountered with synchronized 
^integrated circuit test modes is that entering a test mode after 
the integrated circuit device has been powered-up can result 
In! device latch-up. Once the device powers -up, it has 
serialized to a certain voltage, such as 3 volts or 5 volts. 
40 Transition to a test mode from this voltage condition causes 
%uge cuxrent spikes which can result in device latch-up as all 
ftfitb rows, columns, bitlines. etc. of the device simultaneously 
iswitch from a normal operating mode to a test mode. It 
;VPould thus be desirable to enter a test mode upon power-up 
45 fof the device in order to avoid possible device latch-up. 
There is thus an unmet need in the art to be able to 
initialize the entire data path of an integrated circuit device 
in a test mode during device power-up and to be able to 
adequately test the external clock signal of the device or a 
so derivative clock signal thereof in both a high logic state and 
a low logic state. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to initialize the 
entire data path of an integrated circuit device during a test 
mode upon power-up of the synchronous integrated circuit 
device. 

It is further an object of the present invention to 
go adequately test the external clock signal or internal clock 
signals associated with the external clock signal of the 
| ^^synchronous integrated circuit device. 
^•52-&fr crc f Qrc ' according to thfi present invention, the entire 
data path of the synchronous integrated circuit device is 
65 initialized in a test mode mon power-up of the integrated 
circuit device. Upon power-up of the integrated circuit 
device in the test mode/ a clock signal (either an external 
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clock signal or an associated internfil clock signal) is inter- 
nally clocked- As the clock signal goes to a low logic state 
upon power-up of the device, afmaster latch (flip-flop) 
element of the integrated circuit device is loaded with data 
and is allowed to conduct; a slavefatch (flip-flop) element of 
the integrated circuit device does not conduct As the clock 
signal goes to a high logic statejfihe data in the master latch 
is latched. Also upon the high logic state of the clock, the 
slave latch element is loaded with data and is allowed to 
conductj J 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the invention 
are set forth in the appended claims. The invention itself, 
however, as well as a preferred mode of use. and further 
objects and advantages thereof, will best be understood by 
reference to the following detailed description of an illus- 
trative embodiment when read in conjunction with the 
accompanying drawings, wherein: 

FIG. 1 is a schematic diagram of a dock input buffer, 
according to a preferred enibodimcnt of the present inven- 
tion; 

FIG. la is a schematic diagram of a TTL (transistor 
.transistor logic) cell, according to the preferred embodiment 
W the present invention; 

I J FIG. 2 is a schematic diagram of an address input buffer, 
= according to the preferred embodiment of the present inven- 

II ^ FIG. 3 is a schematic diagram of row address driver 
£ circuitry, according to the preferred embodiment of the 
Invention; 

;l ^ FIG. 4 is a schematic diagram of word line and block 
1 fclect latch circuitry, according to the preferred embodiment 
! of the invention; 

a FIG. 5 is a schematic diagram of word line select circuitry, 
ji according to the preferred embodiment of the present inven- 
';ffon; and 

i ^ FIG. 6 is a schematic diagram of local wordline driver 
jtgrcuitry. according to the preferred embodiment of the 
e present invention. 

\t* £ 

j' DESCRIPTION OF THE INVENTION 

f Jjft c eniirc^iata path of a synchronous integrated circuit 
device is initi&ed in a test mode upon power-up of the 
integrated circuiadevice. Upon power-up of the integrated 
circuit device in the test mode, a clock signal (cither an 
external clock signaW an associated internal dock signal) 
is internally clocked, ^sthe clock signal goes to a low logic 
state upon power-up of the device, a master latch (flip-flop) 
element of the integrated Tarcuit device is loaded with data 
and is allowed to conduct; ar&ive latch (flip-flop) element of 
the integrated circuit device dbes not conduct As the clock 
signal goes to a high logic statcVthe data in the master Latch 
is iatched. Also upon the high loW state of the clock, the 
slave latch element is loaded witn\data and is allowed to 
conduct Using the present invention^both the master and 
slave latch elements are sequentially loaded with the correct 
data state and then allowed to sequential^ con ductj 

Conduction of the master latch elements and conduction 
of the slave latch elements initializes an address path of the 
integrated circuit device such that either no columns or rows 
of the integrated circuit device are selected or such that all 
columns or rows of the integrated circuit device are selected. 
If all columns and rows of the integrated circuit device are 
selected, all bitlines true of the integrated circuit device arc 
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held at a first voltage level and all bitlines complement of the 
integrated circuit device are held at a second voltage leveL 
FIGS. 1 and la illustrate the clock control circuitry which 
controls the external clock or derivative signal thereof of the 
5 synchronous integrated circuit device. FIGS. 2 to 6 illustrate 
the address control circuitry which are driven by the clock 
circuitry of FIG. 1. Referring to FIG. 1. a schematic diagram 
of a clock input buffer 10. according to a preferred embodi- 
ment of the present invention, is shown. Clock input buffer 
10 10 is provided with Clock signal 12. Power-On-Reset signal 
16, Control bar signal 14 and Control signal 18. Clock signal 
12 is equal to the external clock signal provided to a clock 
pin of the integrated circuit device or is a derivative signal 
thereof and is provided as an input signal to TTL clock cell 
15 22. shown in FIG. la. The power -on-reset signal is an 
internally generated signal which changes logic state once a 
threshold value of positive power supply Vcc is passed as 
Vcc rises. Control signal 18 and Clock bar signal 14 are 
provided to NAND logic gate 36 as input signals. The output 
2Q signal of NAND logic gate 36 is inverted by inverter 34 
before being presented to a second NAND logic gate 32 as 
an input signal. The second input signal of NAKD logic gate 
32 is Power-On-Reset signal 16. The output signal of NAND 
logic gate 32 feeds both NAND logic gates 26 and 30. A 
25 second input signal to NAKD logic gate 26 is Control bar 
fc*J signal 14 and a second input signal to NAND logic gate 30 
I ^ is Control signal 18. The output signal of NAND logic gate 
s ; « 26 is inverted by inverter 24 and the output signal of inverter 
^> 'J 24 is an input signal to TTL Clock Cell 22. The output signal 
Jg, of NAND logic gate 30 is inverted by inverter 28 and the 
fi output signal of inverter 28 is another input signal to TTL 
Clock Cell 22. The output signal of TTL Clock Cell 22 is 
inverted by inverter 20 to produce Clock Derivative signal 
38. 

JControl bar signal 14 arffi Control signal 18 control TTL 
cell 22 shown in FIG. la. 'STL cell 22 contains the following 
si elements: p-channel MOS transistors 50, 52 and 58 and 
j|5 n -channel MOS transistors 54, 56 and 60. The gates of 
Z transistors 50 and 60 are supplied with Control bar signal 14. 
The gates of transistors 52 and 54 are supplied with Dock 
| & signal 1Z and the gates of transistors 56 and 58 are supplied 
3 ^ with the Control signal H8. A first source/drain of transistor 
50 and a first source/drfin of transistor 58 arc connected to 
fjl power supply voltage gxc as shown. A second source/drain 
of transistor 50 is connected to a first source/drain of 
"~ transistor 52. A secold source/drain of transistor 52 is 
connected to a first Source/drain of transistor 54, a first 
source/drain of transfitor 60 and a second source/drain of 
transistor 58 to forrnjputput signal 23 on Node 5. A second 
50 source/drain of transistor 54 is connected to a first source/ 
drain of transistor 5m A second source/drain of transistor 56 
is connected to a second source/drain of transistor 60 and 
power supply voltage Vs£J 
When in the periphery stress test mode Control bar signal 
55 14 and Control signal 18 are a high logic state. Referring 
again to FIG. 1, during power-up of the integrated circuit 
device Power-On-Reset signal 16 pulses high. When Power- 
On-Reset signal 16. Control bar signal 14 and Control signal 
18 are all a high logic state. Node 1 of FIG. 1 is a high logic 
60 state and Node 2 is a low logic state, which means that Node 
3 and Node 4 are both a low logic state. Once Power-On- 
Reset signal 16 goes to a low logic state. Node 2 goes to a 
high logic state. Node 3 and Node 4 are equal to the logic 
state of Control bar signal 14 and Control signal 18 both of 
65 which are now a high logic state. 

fj ^ef erring once more to FIG. Ia9 during power-up in a 
periphery stress test mode. Controls bar signal 23 (shown at 
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Node 3 of FIG. 1) and Control' signal.: 
of FIG. 1) are both a low logic state 
5 is forced to a high logic state. This 
that Qock input signal 12 was a low \o{ 
when Control' bar signal 23 and Control'] 
logic states, signal 21 is forced to a lc 
gives the appearance that Qock signal] 
state. Thus, a high logic state on control 



signal 23 and Control' signal 27 during 
mode forces the equivalent of a 
During a memory cell stress test m< 
low going clock input is forced, 
device. Power-On-Rcset signal 16 
signal 12 is forced to a low logic 
master latch of the device is loaded 
conduct Following completion of 
Power- On- Reset signal 16 goes lowj 
the master latch; also data is loai 
which is allowed to device condui 



'(shown at Node 4 
signal 21 at Node 
es the appearance 
state. Conversely. 
;nal27gotohigh 
logic state which 
was a high logic 
signals Control' bar 



periphery stress test 
going clock input, 
the equivalent of a 
n power-up of the 
;oes high and Dock 
during which the 
th data and allowed to 
power-on reset cycle. 

data is latched into 
d into the slave latch 
Using the circuitry of 
is forced to the desired 



FIG. la. the state of Qock signal 1: 
logic state during a test mode., either a periphery stress test 
mode or a memory cell stress testffaode. 

The operation of FIG. la to U 
Clock signal 12 as desired may 
j i reference to a second input buffer 




the condition of the 
further illustrated with 
cuiL Referring to FIG. 
ss input buffer 70. 
m of the present 



2. a schematic diagram of an 
^according to the preferred e] 

| Invention, is shown. Input buffer |0 includes the following 
'4^^°^: TTL (transistor transistor logic) cell 22. inverters 
^34. 88, 92 and 94. and passgatesfeo and 96. The details of 
i;ltTL ceil 22 are similar to those? shown in FIG. la. Input 
if puffer 70 contains a master latcr|95 comprised of elements 
^mverter 92, inverter 94 and pasggate 96. Input buffer 70 is 
9 applied with the following input signals; Clock signal 38, 
vgontrol bar signal 14, IN data Signal 15. Control signal 18 

and Dock bar signal 13 and generates output signal 98. 
s | a When Control bar signal 14 and Control signal 18 are both 
I, J high logic state, signal 72 atJNode 1 is a low logic state. 

of FIG. la forces Clock 
, signal 38 to the desired logic state. Qock signal 38 is 
i : Initially a low logic state buflwill ultimately go to a high 
jj.pbgic state so that the master latch 95 initially conducts, 
thereby forcing signal 98 to ajhigh logic state. Clock signal 
*' 42 will then go to a high logie state, turning off master latch 

I:*. i 

Signal 98 propagates to Row Address Driver circuitry 100 
of FIG. 3. according to thelprefeired embodiment of the 
invention. Row address driver circuitry 100 is composed of 
inverters 110. 112. 114. l|4 and 126. p-channel MOS 
transistor 118. n-channel M®S transistor 122. and passgate 
120. Signal 98 from FIGfl is provided to a series of 
hich delay and inverter signal 
signal 116. Signal 98 is also 
hich is controlled by Address 
ddress Override-N signal 106. 
e 120 is pulled up towards Vcc 
by p-channel transistor ll8 whose gate is controlled by 
Rows On bar signal 102 and is pulled down towards Vss by 
hose gate is controlled by Rows 
it signal of passgate 120 passes 
and 126 to become Row Address 
ss bar signal 128 is the inverse oft 
Rows On bar signal 102 forces 
(in an asserting condition) when 
e test mode and Rows Off signal 
ignal 116 off (not in an asserting 
igh logii state in the test mode. 



inverters 110. 112 and 114 ; 
98 to produce Row Addre 
presented to passgate 120 1 
Ovcrride-P signal 104 andi 
The output signal of passga 



n-channel transistor 122 1 
Off signal 108. The out] 
through two inverters ' 
bar signal 128. Row Ad 
Row Address signal 116 
Row Address signal 116 \ 
it is a low logic state in I 
108 forces Row Address) 
condition) when it is a | 
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P-channel MOS transistor 118 an cfln -channel MOS transistor 
122 act as row address override pevices in the test moc£J 
Rows On bar signal 102 and Rows Off signal 108 are 
controlled based upon which type of test mode being 
entered: a memory cell stress mode in which all rows are 
enabled or a periphery stress mode in which all the rows are 
disabled. Based on the logic states of signal 98. Rows On bar 
signal 102 and Rows Off signal 108 and further based upon 
the fact that Address Override-P signal 104 is a high logic 
state and Address Ovcrridc-N signal 106 is a low logic state 
in any test mode. Row Address signal 116 and Row Address 
bar signal 128 are both forced to a high logic state in a 
memory cell stress mode in an asserting condition for the 
Word Line and Block Select Latch circuitry 130 of FIG. 4 or 
13 are both forced to a low logic state in a periphery stress 
mode. 

FBi e Row Address signal 116Jgenerated by FIG. 3 feeds 
the Word Line and Bloclc SeJecgLatch circuitry 130 shown 
in FIG. 4, according to the pjeferred embodiment of the 
20 invention. In addition to Row Address signal 116. circuitry 
130 is supplied with Smart Cmck signal 132. Smart Block 
Select signal 134, Block JfddressO signal 136. Block 
Address 1 signal 138 and Blfitek Address2 signal 140. and 
>tt Reset signal 192. Circuitry 130 generates Row signal 190 
^ Jind Block Select bar signal fl.94. Smart Clock signal 132 is 
b 5 high-going narrow pulse fgnerated from the rising edge of 
Block Select signal 134 is a 
ode signal 13Z The elements of 
[ers 142. 146. 148. ISO. 154, 164. 

152 and 162; NAND logic gate 
fsistors 156. 168, 170, 172: and 
174. 176, 178. 180, 182 and 184. 
is supplied by FIG. 3 to the input 
mart Clock signal 132 is provided 
pass gates 144 and 152 as shown 
passgates 144 and 152; it addition - 
put terminal of inverter 150. Smart 
is an input signal to passgate 152 
died by Block Address signals 136. 
essO signal 136 is provided to the 
174 and 184. Block Address 1 signal 
'gates of transistors 178. 170 and 180. 
'al 140_^ provided to the gates of 
nd 176J 

The output terminal of 142 provides an inverted row 
address signal to passgate 144. The output of slave passgate 
144 is provided to the input terminal of inverter 146 which 
produces Row output signal 190. The output terminal of 
50 inverter 150 controls a control terminal of both passgates 
144 and 162 while Smart Clock signal 132 controls the other 
Yfc^J) control terminal of passgates 144 and 162 as shown. 
fjt rF ollowing the powering-up of tfie integrated circuit 
device which is controlled by Powy-On-Reset signal 16. 
55 Power-On-Reset signal 16 goes low and Clock signal 12 
goes from a low logic state to a high logic state. This also 
causes Smart Dock signal 132 to Jo to the high logic state 
since Smart Clock signal 132 is afflerivative signal of Clock 
signal 12. as previously discussed. A high logic state of 
60 Smart Clock signal 132 causes/slave latch member 144 to 
load in data supplied by Row Address signal 116 and to 
conduct. Thus, tie conduction^ slave latch 144 follows the 
conduction of the master iatp of FIGS. 1 and la. 
The Row signal 190 adfi Block Select bar signal 194 
65 generated by circuitry 13ware supplied to Word Line Select 
circuitry 200 of FIG. 5. according to the preferred embodi- 
ment of the present invention. In addition to signals 190 and 



s"5plock signal 12 and Sn 
- Jlerivative signal of Smart ( 
=. ^circuitry 130 include: inv< 
pa 66 and 186; passgates 14 
:; K 160; p-channel MOS 
Wn-channel MOS transisto 
j'jj Row Address signal 1 
3 ^jerminal of inverter 142.1 

to a control terminal of t 
v and accordingly controlj 
|| lally is provided to the i 
;>?Block Select signal 

Nvbich is indirectly coq 
f*138and 140. Block/ 
5 fjgates of transistors 16 
:! a :138 is provided to the] 
ijBiock Address2 sig 
^^transistors 182, 172 
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194 circuitry 200 is provided with Row bar signal 202, 
which is the inverse of ^ow signal 190. The elements of 
circuitry 200 include N©R logic gates 204 and 208; and 
inverters 206, 210 and 212. Circuitry 200 produces signal 
Row Driver Line even bSr signal 218, Row Driver Line odd 
bar signal 216 and Block Select signal 216 (the inverse 
signal of Block Select Bar signal W&J 

Row Driver Line oda bar signal 216 and Row Driver Line 
even bar signal 218 from circuitry 200 feeds the Local 
Wordline Driver circuitry 220 of KEG. 6. according to the 
preferred embodiment of the present invention. Circuitry 
220 in addition to signals 216 and 218 is provided with a 
Master Word Line signal 222 and Word Line Driver Enable 
signal 224. The elements of circuitry 220 include p-chaanel 
MOS transistors 226, 228, 236 and 238; n-channel MOS 
transistors 230 and 240; and inverters 232 and 242 Circuitry 
220 produces Local Wordline odd signal 234 and Local 
Wordline even bar signal 246. When Row Driver Line odd 
bar signal 216 and Row Driver Line even bar signal 218 are 
both a high logic state. Local Wordline Odd signal 234 and 
Local Wordline even bar signal 246 will be off (a low logic 
state). Since Local Wordline Odd signal 234 and Local 
Wordline even bar signal 246 are the local wordiines of the 
teice. all wordiines of the device are off. 
*;3rhe internal clocking of the synchronous integrated dr- 
iest device described above provides several advantages 
.cftter the prior art. The entire data path of a synchronous 
integrated circuit device may be set up based upon exercis- 
fing only the internally generated power-on-reset signal of 
ftS: integrated circuit device. It is not necessary, as it was in 
jtHje prior art, to exercise the clock device pin in order to enter 
,6c affect the test mode. Since the clock signal is internally 
forced, testing of the clock signal in two logic states, both a 
%igh logic state and a low logic state, is possible. Thus, the 
fqlock is testing in both a memory cell stress test mode and 
jj'ja a periphery stress test mode. The exercise of the clock 
. signal in both logic states is an important advantage since the 
< : clock signal is typically connected to many gates of the 
Synchronous integrated circuit device. 
||3 Since the test mode is entered internally and the clock 
f Jgnal is internally forced, the test is more reliable than it is 
'to exercise the clock device pin to enter the test mode; one 
need not worry about pin continuity problems during testing 
since the device is internally clocked. Also, because the 
clock pin need not be probed to enter the test mode, the 
number of pins which must be exercised by test equipment 
is reduced and thus more devices may be simultaneously 
tested due to the reduced pin count. 

A further advantage of the present invention is provided 
by powering-up the integrated circuit device in the test 
mode, rather than switching to the test mode subsequent to 
powering-up the device as is done in the prior art Powering- 
up the device in the test mode prevents the huge current 
spikes which may result in a latch-up condition of the 
device. 

The present invention is desirable in any system or device 
employing synchronous integrated circuits. Thus it is envi- 
sioned that the present invention is suitable for use in a 
number of device types, including: memory devices such as 
SRAM (static random access memory), DRAM (dynamic 
random access memory) and BRAM (burst RAM) devices; 



